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THE  INTERACTION  OF  A  SHOCK  WAVE  IN 
A  PLASTIC  MEDIUM  WITH  AN  EDIFICE 

G.  M.  Lyakhov 
(Moscow) 

The  interaction  of  a  plane  shock  wave  in  a  plastic  medium 
with  a  boundary  (a  plate)  made  from  a  nonde formed  material  was 
examined  in  works  [1-3]*  The  dependence  of  the  stress  on  the 
deformation  a  =  a(e)  under  a  load  was  approximated  by  piecewise 
linear  [1,  2]  or  by  power  [3]  functions,  while  the  unloading  was 
assumed  to  be  originating  according  to  a  linear  law,  different 
from  the  loading  law  [1],  or  with  a  constant  volume  [2,  3]. 

In  work  [4]  a  solution  was  given  for  the  problem  of  the 
interaction  of  a  plane  shock  wave  in  an  elastic  medium  with  an 
edifice,  which  is  viewed  as  a  system  with  three  degrees  of  freedom, 
which  allows  us  to  take  into  consideration  simultaneously  the 
shifting  of  the  edifice  on  the  whole  and  the  deflection  of  its 
covering  and  base.  In  works  [2,  4]  a  solution  is  given  for  the 
problem  of  the  interaction  of  a  wave  with  an  edifice  as  with  a 
system  with  three  degrees  of  freedom  in  a  plastic  medium.  The 
dependence  a  =  a(e)  with  a  load  is  nonlinear,  and  unloading  occurs 
with  a  constant  volume.  The  effect  of  the  free  surface  is  taken 
into  account. 
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The  results  of  the  calculation  are  represented  in  the  form  of 
a  system  of  equations,  the  integration  of  which  is  carried  out 
using  electronic  digital  computers.  Particular  cases  are  examined, 
when  integration  can  be  done  without  using  computers.  A  comparison 
of  the  movement  of  the  boundary  in  plastic  and  in  elastic  media  is 
made . 


1.  Let  us  examine  a  plastic  medium,  in  which  the  stress  a 
and  deformation  e  during  loading  are  related  by  the  linear  law: 


2 

a  =  a(e),  where  gf  >  0>  — f  >  0. 

de 


(1.1) 


The  unloading  and  the  secondary  loading  up  to  a  value  of  the 
previously  achieved  stress  occurs  at  constant  deformation-  (Fig.  1). 

Similar  properties  are  possessed  by  nonwater- 
saturated  ground  with  fair-sized  stresses. 

With  the  compression  of  the  medium  in  the 
plane  wave,  which  corresponds  to  the  uniaxial 
deformed  state,  pressure  p  and  specific  volume 
V  are  determined  by  expressions: 


V  -  Vr 


a  =  -p,  e  = 


V 


0 


(1.2) 


KEY:  (1)  Loading; 

(2)  Unloading. 


a  is  the  stress  in  the  direction  of  movement 
of  the  wave. 


Transferring  to  a  system  of  units  of  p,  V,  we  obtain 
equation  (1.1)  with  the  loading  of  the  medium  in  the  form 

P  -  P(V) ,  ^  <  0,  ^-§->  0; 


and  with  unloading 


3  V 
3t 


dV 


=  0. 


(1.3) 


(1.4) 
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Let  us  carry  out  the  solution  in  Lagrange  coordinates;  mass  h, 
time  t. 


In  the  initial  section  of  the  medium  let  h  =  G,  which  we  will 
combine  with  the  free  surface;  when  t  =  0  let  the  pressure  increase 
suddenly  from  0  to  pm,  and  then  fall  according  to  the  givdn  law: 

P  =  f(t).  (1.5) 

Under  the  effect  of  this  load  there  is  formed  in  the  medium  a 
plane  shock  wave. 


Let  there  be  an  edifice  in  the  form  of  a  rectangular 
parallelepiped  in  section  h*.  Its  covering  and  base  are  viewed 
as  girders,  resting  freely  on  a  framework  (the  walls  of  the 
edifice).  Let  us  represent  the  edifice  as  a  system  with  three 
degrees  of  freedom  in  conformance  with  the  scheme  in  Pig.  2. 

Let  us  designate  by  n,  and  m?  the 

I. . —  . . . . .  Vf  «■■■■■— 

£ 34  y{  masses  of  the  covering  and  of  the  base 

^  reduced  to  the  middle  of  the  span,  by 
m^  -  the  mass  of  the  framework,  by  y1, 
frl  _  ^  y2  and  y^  -  the  shifts  of  these  masses 
Fig.  2.  respectively  in  a  fixed  system  of 

coordinates,  and  by  and  -  the 
rigidities  of  the  covering  and  of  the  base.  The  reduction  of  the 
masses  is  carried  out  in  conformance  with  work  [4]. 

Let  us  examine  the  interaction  of  a  plane  shock  wave  with  the 

edifice.  The  scheme  of  the  regions  of  various  solutions  in  plane 

h,  t  is  represented  in  Pig.  3-  Behind  the  edifice  there  is  a 

second  plastic  medium,  for  which  the  dependence  p  =  p*(V)  is 

2  2 

given.  During  loading  d  p/dV  >  0,  and  during  unloading 
9V/3t  =0.  We  can  disregard  the  deformation  of  the  framework  of 
the  edifice,  as  well  as  the  edge  effects,  connected  with  the 
flow  of  the  wave  around  the  edifice.  In  Fig.  3  the  edifice  in 
section  h  *  h*  is  not  represented.  The  movement  of  the  medium 
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in  Lagrange  coordinates  in  plane  h,  t  is 
determined  by  equations: 


3u/3t  +  3p/3h  =  0, 
3u/3h  -  3V/3t  =  0. 


(1.6) 


Pig.  3 


the 


In  regions  where  unloading  or  secondary 
loading  of  the  medium  occurs  when  3V/3t  =  0, 
oJotion  of  equations  (1.6)  has  the  form: 

u  =  ^(t),  p  =  -  h<Pi(t)  +  ^(t),  (1.7) 


where  J...  che  velocity  of  the  particles,  and  i  is  the  member  of 
the  region  in  plane  h,  t. 


In  regions  where  primary  unloading  of  the  medium  takes  place, 
and  the  wave  is  not  a  shock  wave,  the  Riemannian  solution  is 
valid: 


i 

1 

Functions  <P.  ,  ib,  ,  and  F.  and  the  constant  value 

l  i  i 

the  initial  and  boundary  conditions. 


(1.8) 


3.,  are  found  from 

J- 


Region  1  in  Fig.  3  corresponds  to  a  shock  wave  propagating 
through  the  medium,  and  the  solution  has  the  form  of  (1.7).  The 
sought- for  functions  are  ^(t),  tji^(t);  the  line  of  the  front  is 
h^(t)  (Fig.  3).  From  the  condition  in  the  initial  section  we 
will  find 

^(t)  =  f(t).  ’  (1.9) 

The  conditions  at  the  front  of  the  shock  wave  at  coordinates  h,  t 
have  the  form 

P  =  h?(t)(Vn  -  V),  u  =  h, (t ) (VA  -  V).  (1.1 


The  subscript  0  refers  to  the  medium  before  the  wave  front. 

Taking  into  account  (1.7) >  in  conformance  with  (1.10)  we 
obtain  a  system  of  two  equations  with  two  unknown  functions  qL(t) 
'nd  h1(t) : 


-/<«  (0 +/(')-*.■  <*)?,  (0; 

=  v [- ht  (*)?,  «)+/( t)\. 

The  initial  conditions  are:  1*^(0)  “  0,  f(0)  =  pm,  whence 

<.,(o;  »  .'om(V0  -  vo) ,  vm  =  v(pm). 


(l.ii) 


Integrating  system  (1.11),  we  will  find  the  solution  in 
region  1.  The  concrete  form  of  the  sought- for  functions  depends  < 

*  *  i 

on  the  form  of  the  given  functions  p  =  p(V)  and  p  =  f(t).  •  • 

i 

!  'J 

Regions  2  and  3  correspond  to  elastic  and  plastic  waves,  i  j 

formed  during  the  interaction  of  the  incident  wave  with  the  { 

covering  of  the  edifice.  In  these  regions  unloading  or  a  secondary  * 

loading  of  the  medium  occurs.  An  elastic  wave,  as  a  consequence  ■ 

of  the  assumption  3V/3t  =  0  during  unloading,  propagates  with  an  | 

infinitely  large  velocity.  Simultaneously  during  the  interaction  | 

shifting  of  the  edifice  occurs  as  a  single  unit,  and  deflections  J 

.4; 

of  the  covering  and  of  the  base  appear  as  well.  As  a  result  of 
the  movement  of  mass  m.  behind  the  edifice  the  gradual  loading  of 
the  medium  begins  and  a  compression  wave  is  formed  (region  1*  in 
Fig*  3)>  the  course  in  which  is  determined  by  the  equations  in 

(1.8) .  The  solutions  in  regions  2  3  and  1*,  as  well  as  the  laws 

of  movement  of  the  elements  of  the  edifice  are  found  simultaneously. 

Let  us  examine  the  corresponding  initial  and  boundary  conditions. 

In  section  h  *  0  the  change  in  pressure  is  given  by  function 

(1.9) .  Hence  we  obtain 

(i.i2) 

Boundary  h2(t)  of  regions  2,  3  was  previously  unknown.  In  it  from 
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ggjgjl 


...K  Wi>W! 


r*« 


•St*" 


E**0 


. . 


the  side  of  region  2  at  moment  in  time  t  the  pressure  in  each 
particle  reaches  a  value,  which  existed  previously  on  the  front 
of  incident  wave  h^(t)  at  moment  in  time  A(t).  Hence  in 
conformance  with  (1.7) 


M0^+/(0  =  MX)^+m 


•  (1.13) 


On  the  front  of  plastic  wave  h2(t)  the  pressure  increases 
abruptly,  and  then  behind  the  front  changes  when  3V/3t  =0.  On 
line  h2(t)  the  following  relationships  are  fulfilled: 

p*-p2=rilV(P*)-  V(p3)U  «.-«,= 

=  a-2<0|K/’2)-V'0>,)1; 

P3-P2^fi‘2(t)  («3  —  «a). 


Hence  we  obtain  two  more  equations  for  inclusion  into  the  overall 
system: 


—Jp'  (?3  -  ?a)  -  A*  ('•)  (?a  -  it)  =  *3  (<)  -/ (<); 

*>-”=:^rft[V{P,)~ViPi)]' 


(l.U) 


where 

P3  —  —1*2  (t)  r3  -r  p2  =  -ht  {t)  *  +  /  (0* 


The  values  with  the  subscripts  2  and  3  refer  to  regions  2 
and  3* 


The  front  of  the  wave  In  the  second  medium  corresponds  to 
a  weak  separation,  and  it  moves  with  a  constant  velocity,  equal 
in  coordinates  h,  t  to  the  acoustic  resistance  of  the  medium. 

Hence  we  find  that  in  equation  (1.8)  the  constant  6=0.  The 
pressure  and  velocity  of  particles  in  region  1*  are  related  by  the 
relationship 


(1.15) 


MfiMjaaiMflaa  ,-Af ,iyj.saZisc<aa|7rr- 


Dependence  p  =  p*(V)  for  the  second  medium  is  known,  hence 
we  find  the  function 

P  =  g(u).  (1.16) 

The  velocities  of  masses  m^  and  m2  are  equal  to  the  velocities 
of  the  particles  adjoining  them  of  the  first  and,  correspondingly, 
of  the  second  media: 

#l(t)  =  <P3(t),  $2(t)  =  u(t). 

Mass  m1  moves  under  the  effect  of  the  difference  in  forces, 
acting  from  the  side  of  the  first  medium  and  mass  m^;  mass  m2  - 
under  the  effect  of  the  difference  in  forces,  applied  from  the 
side  of  mass  m^  and  from  the  side  of  the  second  medium;  mass  m^  - 
under  the  effect  of  the  difference  in  forces,  applied  from  the 
side  of  masses  m^  and  m2« 

A  system  of  equations ,  determining  the  course  in  three 
regions:  2,  3,  1*  and  the  movement  of  masses  n^,  m2,  m^,  includes 
seven  equations  with  seven  unknown  functions:  <P2(t),  i|^(t), 
h2(t),  A(t),  y^t),  y 2 ( "t ) ,  y3(t).  These  equations  correspond  to 
the  above  considered  conditions: 

t>3  (0  +  /  (0  =  A,  (>.)  +f  (X); 

M0  =  *.  (X); 

£  |A,  (A)  (?,  (t)  -  9,  (0)1  =  t»  (0-/(0; 

?•  (0  -  9»  (0  -  (l)  ?,+/ (Ol  - 

-v[-*i(W«i+fc(0]l; 

(«t  +  h*)  yj  (0  -  fa  (0  -  *,  [y,  (0  -  y,  (01;  a>1?) 

«»y*  (0  =  “i  fy*  (0  -  y3  (01  -  *2  |y»  (0  -  y8  (01; 

ma  ya  (0  =  k9  [y,  (t)  -  y2(01  -g  fya  (01. 


The  system  is  solved  with  the  initial  values: 


x  (p)  - 1\  Ta  «*)  =  <p,  «*),  ya  (P)  =  0,  y,  (<*)  -0. 
yt  (P)  *  o,  y,  (**)  =  0,  ya  (0  -0,  y,  (0  - 0. 

where  t#  is  the  moment  of  approach  of  the  wave  to  the  covering 
of  the  edifice. 

2.  Depending  on  the  parameters  of  the  problem  -  the  form  of 
function  p  =  f(t),  the  properties  of  both  media,  the  values  of 
masses  m^,  mg,  m^,  and  the  value  h*  the  system  of  equations 
(1.17)  can  cease  to  be  fulfilled  as  a  result  of  the  fact  that 
the  rarefaction  wave  from  the  free  surface  arrives  at  mass  m-^  or 
in  region  1*  the  compression  wave  becomes  a  shock  wave  and  the 
Riemannian  solution  will  not  be  valid. 

Let  us  consider  the  first  case.  When  t  =  t#*  as  a  consequence 
of  the  effect  of  the  free  surface  regions  4  and  2*  arise  (Fig.  3). 
In  region  4  unloading  of  the  medium  takes  place  and  the  solution 
has  the  form  of  (1.7).  From  the  condition  on  the  free  surface  we 
find  one  function  in  region  4: 

^(t)  =  f(t).  (2.1) 

Depending  on  the  parameters  of  the  problem  when  t  >  t**  in 
region  2*  both  loading  and  unloading  are  possible.  Let  us  consider 
the  case  of  unloading.  Then  the  boundary  h^(t)  of  regions  1*,  2* 
is  nonrectilinear ,  previously  unknown  and  must  be  determined  in  the 
course  of  the  solution  of  the  problem.  In  region  2*  the  solution 
has  the  form  of  (1.7). 

The  system  of  equations  determining  the  flow  in  two  regions  - 
4  and  2*  -  and  the  movement  of  masses  m^,  m2,  m^,  includes  five 
equations  with  five  unknown  functions:  ^(t),  y^t),  y2(t),  h^(t), 
i|)|(t)  (function  ^(t)  is  found,  when  y^(t)  =  <fy(t)). 

This  system  corresponds  to  the  equations  of  motion  of  masses 
m1,  m2,  m^  and  the  continuity  conditions  of  the  pressure  and 
velocity  of  the  particles  on  line  h^(t)  in  the  second  medium: 
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K  +  h')  yi  (0  =/  (0  --  *,  |yi  (0  -y,  <01;  * 
«3  y*  (0  -  *i  ly«  (0  -  y3  (01  -  «a  |y,  (0  -  y,  (01; 

(m2  -  //*)  ya  (1 1 )  =  Ka  jy3  (0  -y*  (*))-<£  (0; 

.  -  (0  y*  (0  -  -  £  (0 + p  [*»  (0,  0; 

ya<0  =  «  IMO.O- 


(2.2) 


If  in  region  2*  the  load  is  continued,  then  the  boundary  of 
region  2*  and  1*  is  rectilinear  and  parallel  to  boundary  1*,  0. 

The  system  of  equations  determining  movement  of  the  elements  of  the 
edifice  and  the  flow  in  regions  4  and  2*  assume  the  form: 


(«i + k*)  y,  (o  «/  (0  -  «i  [y»  (0  -  y*  (01; 
«»y  i  (0  =  *i  to  (0  -  y»  (01  -  to  (0  -y»  (01 ; 
«a  y*  (0  =  *  [y*  (0  -  ya  (0 1  -  g  (ya  (0); 


(2.3) 


g(jr2^t^  is  a  known  function,  determining  the  connection  of  p  and  u 
in  regions  1*  and  2*.  The  integration  of  the  obtained  systems  of 
equations  must  be  carried  out  using  electronic  digital  computers. 

3.  Let  us  make  an  analysis  of  the  obtained  regularities  for 
the  simplest  case,  when  the  deflection  of  the  girders  in  the 
covering  and  base  can  be  disregarded  and  when  the  edifice  is 
represented  in  the  form  of  a  boundary  (a  plate)  with  mass  m.  The 
loading  of  the  media  above  the  plate  and  below  it  is  determined 
by  the  linear  dependences : 

p  =  —A7V+B,  AXB *■ const;  (3.1) 

p=-A**V+B*,  A*,  B* «= con»t. 

Unloading  takes  place  when  3V/3t  =  0. 


In  section  h  =  0  when  t 


the  pressure  increases  abruptly 


from  0  to  p„  and  henceforth  maintains  this  value.  In  this  case 
*m 

boundary  1,  0  is  rectilinear,  its  equation  is  h  =  At,  and  the 
solution  in  regions  1  and  2  has  the  form: 


=  *1  =  P«.  f i  =  f i  =  .  P * P»- 

The  pressure  and  velocity  of  the  particles  are  constant, 


(3.2) 
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Let  us  introduce  a  new  variable  t  =  t  -  h*/A.  The  boundary 
of  regions  2  and  3  is  rectilinear.  From  the  conditions  on  this 
boundary  we  obtain 

=  +  =  (3.3) 

In  region  1*  loading  of  the  medium  occurs.  With  a  linear  dependence 
of  the  pressure  on  volume  (3.1)  the  solution  of  the  equations  of 
(1.6)  in  the  region  of  loading  (see,  for  example,  [4]) has  the  form: 

P  —  Fi(h  —  j4t)  +  /•j  (A  +  Ax),  Au  =  Ft(h  —  Mt)  —  , ,  v 

-Fj(A  +  *t).  (  ' 

Functions  F^  and  F2  we  will  find  from  the  initial  and  boundary 
conditions.  From  the  conditions  of  the  front  of  the  wave  1*,  0 
we  find  that  in  region  1*  the  pressure  is  connected  with  the 
velocity  of  the  particles  by  the  relationship 

p(t)  *  A*u(t) .  (3.5) 


Taking  into  account  (3.3)  and  (3.5),  we  get  the  equations  of 
motion  of  the  boundary: 


TO  .  A*  4-  't*3  —  A*  n  f- 

(m  +  A  t)  fa  t  (A  4-  A*)  f3  —  2pm. 

Integrating  and  taking  into  account  that  when  t  =  0  we  have 

=  0,  we  find  the  velocity  of  the  boundary  and  the  velocity  of 
the  particles  in  region  3: 


«  =  ?3  (•)  ~ 


2  p« 


A  +  A' 

Hence  the  pressure  in  region  3 


‘  A  4- A*  * 

1  —  \  *  . 

\m  4-  A?l 


«u\  m  +  Ax 


A* 


A  4-  A 


A+A* 

A  . 

/  \tn-\- Ax)  M4*^* 


(3.7) 


(3.3) 


On  the  boundary  of  regions  2,  3  with  the  approach  through  section 
h  -  0  the  pressure  falls.  It  is  determined  by  expression 


=  2AP"  f ('  "  til 

A  +  A*\\m+k*-kJ  ylj* 


(3.9,) 


Depending  on  the  parameters  of  the  problem  the  pressure  <3n, 
line  2,  3  can  become  exhausted  and  become  equal  to  the  pressure  in  r 
region  2,  (i.e.,  pm)  or  remain  greater  than  pm  along  the  entire 
path  up  to  h  =  0.  If  the  pressure  does  not  fall  to  pm>  then  the 
boundary  reaches  the  initial  section  when  x#  =  h*/A.  If  the  jumfcv'  * 
is  exhausted,  then  this  takes  place  when  v 


A**-rA*-  0"~«)  m  (1 

*  A*  * 


where  *• < 


( a-a « 

V  2  ;  • 


(3.10)  . 


In  the  first  case  when  x  *  x#*,  and  in  the  second  when  x  =  x*  • 
regions  4  and  2*  are  formed  (Fig.  4).  Let  us  designate  the  momept 

of  their  formation  (in  both  cases)  by  x*#. 
f  4  in  region  4  unloading  of  the  medium  takes  place, 

while  in  region  2*  both  loading  and  unloading' 
t  are  possible.  In  the  case  of  loading  in  region 

- 2*,  by  integrating  the  equation  of  motion  of 

1  “■  the  boundary 


m  ?«  —  —  *  ?4  +Pm  ~ 

“  A* 


(3.11) 


Fig.  4. 
region  4: 


we  will  find  the  velocity  of  the  boundary  in 


(3.12) 


where  ^(x#*)  is  determined  from  equation  (3*7) 


Let  us  consider  the  case  of  A  >  A*.  The  velocity  of  the 

boundary  increases  and  when  x  -*•  «°  strives  to  the  limit  u  p  /A*.' 

m 

Without  taking  into  account  the  effect  of  the  free  surface 


u  2pm/A  +  A*.  The  pressure  on  the  boundary  p^  and  p*  from  the 
side  of  the  first  and  second  media,  respectively,  is  equal  to: 

P*  ~  ~  k*  +  Pm  fim  — 
k*  -  **<t**f*> 

“  ^*>1 9  *  ;  (3.13) 

Pi -A?4~ Pm- \pm- Allele  (3#14) 

Witn  the  course  of  time  the  pressure  tends  toward  pm,  and 
without  consideration  of  the  effect  of  the  surface  toward 
C2AVA  +  A»)p  . 


Let  us  consider  the  case  of  A  <  A*;  then  the  velocity  of  the 
boundary  falls,  while  in  region  2*  unloading  of  the  medium  occurs. 
The  boundary  of  regions  1*,  2*  is  unknown.  Let  us  designate  it 
by  h  »  h(t).  In  region  1*  from  the  relationships  on  the  front  of 
the  wave  we  will  find 

pJ(T)  as  A*U|(t). 

Hence  because  of  (3.4)  we  obtain  F2  *  0.  On  the  boundary 
F^h*  -  At*)  =  A*<P^(t).  Let  us  designate 

h*  -  A*t  = 


Then 


Hence  we  will  find  the  first  function  in  region  1*  in  the  form 


Fx  (A— A**)  =  A*zt 


(3.15) 


The  first  two  equations  express  the  continuity  of  the  pressure 
and  velocity  of  the  particles  on  line  h(t),  dividing  regions  1* 
and  2*,  while  the  third  corresponds  to  the  equation  of  motion  of 
the  boundary.  Solving  the  system  relative  to  h(i),  we  obtain 

[m  +  h(t) ]  g  *  Pm  -  A»?3>  (3.17) 

where 


*3  I*  <•).  ‘*1“ 


2  Pm 
A  +  A • 


A*m 

A*m+A{k*+Ax—k  (t) 


The  integration  may  be  carried  out  numerically. 


In  conclusion,  let  us  consider  in  more  detail  a  case  where 
the  properties  of  the  media  on  both  sides  of  the  boundary  are 
identical.  A*  =  A.  Then  regions  A  and  2*  are  formed  when 
x*  =  h*/A.  When  t  <  x*  in  region  3  the  pressure  on  the  boundary 
in  conformance  with  (3*8)  is  determined  by  the  expression 


dp  2  Am2  (/.*— 2w)pb 
d  x  (m  -r  A  t)*. 


(3.15’) 

(3.16») 


From  (3.15*)  and  (3.16’)  it  follows  that  the  pressure  drops, 
while  when  At^  »  m  it  is  reduced  to  p  .  When  =  2t^  it 

reaches  a  minimum,  then  increases  and  tends  toward  pm.  The 
pressure  on  the  boundary  on  the  side  of  the  second  medium  is 

p*  =  A«?3(t).  (3.17’) 

As  the  calculations  show,  irrespective  of  the  dependence 
of  the  value  of  the  mass 

P'm-jPrn,  P*(^)~~P^ 

Henceforth  p*  -»■  pm,  remaining  less  than  the  pressure  from 
the  boundary  on  the  side  of  the  first  medium.  The  acceleration 
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of  the  boundary  is  continually  positive: 


(3.18) 


In  region  3  the  acceleration  with  the  passage  of  time  tends  towards 
zero.  Here 


where  q>^( 0 )  =  2pm/m  is  the  acceleration  of  the  boundary  at  the 
moment  of  the  approach  of  the  incident  wave  to  it,  i.e.,  when 
t  =  0 . 


Let  us  assume  that  h#  =  4  m,  i.e.,  that  the  rarefaction  wave, 
proceeding  irom  the  free  surface  and  regions  4  and  2*,  is-  formed 
when  x*  =  h*/A  *  4x^.  In  region  2#  when  A*  =  A  the  load  is 
continued  and  the  pressure  on  the  boundary  on  the  side  of  the 
first  and  of  the  second  media  is  determined  by  expressions  (3.13) 
and  (3-14).  Calculations  show  that  when  x  =  x*  the  acceleration 
of  the  boundary  falls  abruptly  from  (1/125)93(0)  to  (1/250)9^(0) » 
while  the  pressure  falls  from  (122/125)pm  to  (121/125)pm.  Here 
p*  =  0-2O/125)pm.  Henceforth  in  region  4  we  have  p  pm, 

P*  -  Pm,  %  -  0. 


■A 


ft 


I 


m 


In  Fig.  5  curves  1,  2, 


Fig.  5. 


and  3  correspond  to  the  acceleration 
of  the  boundary  9(x),  and  to  the 
pressures  p(x),  p#(x).  It  can  be  seen 
from  the  graphs'  that  the  boundary  up  • 
to  the  arrival  of  the  rarefaction  wave 
is  set  in  motion  together  with  the 
medium  and  the  arrival  of  the  rarefac¬ 
tion  wav^  has  virtually  no  effect  on 
the  movement  of  the  boundary  and  the 
value  of  the  loads  experienced  by  it. 
The  Jumps  9  and  p  when  x  =  x#  are  so 
small,  that  they  are  not  represented 
in  this  figure. 
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In  Fig.  6  curves  1,  2,  and  3 
correspond  to  4>(t),  p(t),  and  p*(t). 

In  contrast  to  the  graphs  in  Fig.  5  it 
is  assumed  that  h*  =  m/2,  i.e.,  the 
rarefaction  wave  arises  eight  times 
earlier,  than  when  h*  *  4m.  The*  arrival 
of  the  rarefaction  wave  leads  to  an 
abrupt  drop  in  the  acceleration  and 
pressure  p.  Henceforth  with  the  rise  in 
time  <f>  -*■  0,  p  p 


m’ 


m 


From  a  comparison  of  the  graphs  in  Figs.  5  and  6  it  follows 
that  with  the  reduction  in  distance  h*  from  the  free  surface  to 
the  boundary  the  effect  of  the  rarefaction  wave  on  the  movement 
of  the  boundary  increases.  However,  in  the  second  case  also  this 
effect  is  not  great. 


\ 


With  the  passage  of  time,  irrespective  of  the  dependence  of 
the  distance  h*  from  the  free  surface  to  the  boundary,  the 
pressure  on  the  boundary  on  both  sides  tends  toward  pm,  and  the 
acceleration  toward  zero.  The  lower  the  mass  of  the  boundary 
and  the  greater  the  acoustic  resistance  of  medium  A,  the  sooner 
stationary  conditions  set  in. 

Figure  5  shows  curves  4,  5,  and  6,  corresponding  to  the 
acceleration  and  pressures  p  and  p*,  calculated  from  the  formulas 
of  work  [4]  for  the  case  of  interaction  of  a  stationary  wave  with 
a  boundary  of  mass  m  in  a  linearly  elastic  medium.  A  comparison 
of  curves  1,  2,  3  and  4,  5,  6  shows  that  the  differences, 
correspondingly,  between  accelerations  and  pressures  p  and  p* 
on  the  boundary  in  plastic  and  elastic  media  up  till  the  arrival 
of  the  rarefaction  wave  from  the  free  surface  are  not  great.  The 
effect  of  the  free  surface  in  an  elastic  medium  is  exerted  twice 
as  long  afterward  as  in  a  plastic,  and  gives  rise  to  an  abrupt 
drop  in  pressure  to  a  negative  value.  The  difference  in  values 
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q>,  p  and  p*  in  the  region,  where  the  influence  of  the  free  surface 
is  exerted,  and  in  elastic  and  plastic  media  is  substantial. 

Experiments  show  that  in  soils  the  effect  of  the  free 
surface  does  not  lead  to  pressure  drops  to  a  negative  value.  This 
Indicates  that  nonwater-saturated  soils  behave  as  plastic  media. 

Thus,  the  application  of  models  of  elastic  and  plastic 
media  in  the  solution  of  problems  of  the  interaction  of  waves  with 
the  elements  of  edifices  produces  close  results.  However,  this  is 
true  only  in  the  region  where  the  influence  of  the  free  surface 
is  not  exerted.  In  a  region  formed  after  the  arrival  of  the 
rarefaction  wave  from  the  free  surface,  it  is  essential  to  take 
into  consideration  the  plastic  properties  of  the  medium.  • 

In  concluding  the  report,  the  author  expresses  his  graditude 
to  N.  I.  Polyakova  for  her  discussion  of  the  work. 
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